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METHOD AND SYSTEM FOR STARTING UP 
AN AIRCRAFT TURBOMACHINE 

namic efficacy in particular of different elements of the 
engine , moreover irreversibly ( wear of the ends of the 
blades ) . 

CROSS - REFERENCES TO RELATED 
APPLICATIONS SUMMARY OF THE INVENTION 

IS 

This application claims the benefit of the French patent An object of the present invention is to prevent ( or at least 
application No . 201356054 filed on Jun . 25 , 2013 , the entire limit ) such vibrations , which are very disadvantageous , 
disclosures of which are incorporated herein by way of caused by imbalance during the start - up of a turbomachine . 

10 The invention relates to a method for starting up an reference . aircraft turbomachine with the aid of a start - up system of the 
BACKGROUND OF THE INVENTION type comprising at least : 

one ventilation source able to produce an airflow and 
The present invention relates to a method and a system for provided with a compressor fed by an air intake circuit 

regulated by at least one inlet valve , said inlet valve starting up a turbomachine of an aircraft , in particular of a being able to be controlled ; and transport airplane . at least one start - up turbine fed by said ventilation source The invention applies to a start - up system of the type via a pneumatic connection , said start - up turbine being comprising : able to produce , when subjected to a flow of air , a 
a ventilation source , in particular an axillary power unit 20 mechanical force making it possible to turn a rotor of 

( APU ) , which is able to produce an airflow and which the turbomachine for the purpose of the start - up . 
comprises a compressor fed by an air intake circuit In accordance with the invention , said method comprises 
regulated by at least one controllable inlet valve ; and at least two successive steps : 

a start - up turbine , which is fed by said ventilation source a first step ( representing a prevention mode ) , during 
via a pneumatic connection and which is able to 25 which said inlet valve is open partially , such that the 
produce , when subjected to a fluid flow , a mechanical ventilation source transmits a limited flow of air to said 
force making it possible to turn a rotor of the engine start - up turbine , this limited flow of air being such that 
( turbomachine ) of the aircraft for the purpose of the said start - up turbine turns said rotor at a speed of 
start - up . rotation that is lower than a critical speed ; and 

The engine is then switched on , in the conventional 30 a second step ( representing a primary mode ) , during 
manner , after injection of fuel in the appropriate elements of which said inlet valve is completely open , such that the 
the engine , which have been rotated by the rotor . ventilation source transmits a maximum flow of air to 

It is known that , during an operating cycle of an airplane , said start - up turbine . 
in particular of a short - haul or medium - haul transport air Thus , at the start of the start - up during said first step , due 
plane , the airplane lands at an airport generally so as to allow 35 to only a partial opening of the inlet valve , the rotor is 
the passengers to disembark and so as to allow other brought to a speed of rotation that is lower than a critical 
passengers to embark before departing for another destina - speed ( or frequency ) , that is to say the weakest ( encountered 
tion . This change of passengers generally lasts between first ) critical frequency when there are a number of said 
thirty minutes and one hour and thirty minutes . frequencies , thus making it possible to avoid the very 
During this time , the engines of the airplane , which are 40 disadvantageous vibrations caused by the imbalance when 

stopped ( for reasons of safety ) , remain hot and do not have the speed of rotation of the turning parts approaches a 
time to cool completely . It is estimated that , generally , an critical frequency of the engine . During this first step , the 
engine is cold after having been stopped for approximately temperature becomes uniform again at the rotor and turning 
one hour and thirty minutes . parts of the turbomachine , and the deformations as well as 

Thus , during the waiting time , a thermal gradient at the 45 the imbalance of turning parts decrease . 
rotor or the rotors of the engine causes the expansion of Said second step ( during which the inlet valve is com 
some blades and / or of the rotor or rotors , which deform p letely open , such that the speed ( or speed of rotation of the 
( causing a reduction of the axial or diametrical play with rotor is increased as far as a maximum speed , said increase 
respect to the normal axis of rotation of the blading , an causing the speed of the rotor to pass through one or more 
expansion of the blades , etc . ) . 50 critical frequencies ) , is only implemented when the imbal 

During the restart , if the engine has not had time to cool ance of the turning parts has become sufficiently low that the 
sufficiently , the ends of some blades of the rotor are at risk passing of the rotor speed through critical frequency / fre 
of rubbing against the casing , or a blading will be slightly quencies of the engine is no longer disadvantageous , as 
offset from its axis of rotation . This phenomenon , referred to detailed further below . 
as " bowed rotor ” , lasts until the temperature between the 55 Thus , the present invention makes it possible to overcome 
bladings becomes uniform due to the operation ( rotation and the aforementioned drawback and to prevent ( or at least 
reduction of internal thermal gradients , realignment of the limit ) very disadvantageous vibrations by avoiding encoun 
turning parts ) of the engine . tering critical frequencies of the engine while there is a 

The rotation of incorrectly aligned turning parts of the significant phenomenon of the “ bowed rotor ” type . 
engine leads to vibrations due to the imbalance . These 60 In a first embodiment said first step is implemented for a 
vibrations become particularly disadvantageous when the predetermined period , at the end of which said second step 
speed of rotation of the turning parts ( rotor ) approaches a is implemented . 
critical frequency ( or speed ) of the engine , due to the In addition , in a second embodiment , said method addi 
specific amplification of rotor / stator friction in the vicinity tionally comprises a step of determining a period referred to 
of the vibratory resonances . 65 as a plateau period , prior to said first step , and said first step 

The aforementioned phenomenon causes a significant is implemented for a period equal to said plateau period . 
increase of the fuel consumption due to a loss of aerody - Said step of determining a plateau period preferably consists 
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of measuring the value of at least one of the following tion concerning a deformation of thermomechanical 
parameters : the off time of the turbomachine , an external origin during the rotation of the rotor , the measured 
pressure and an external temperature , and of calculating the value of said second parameter being provided to the 
plateau period with the aid of said measured value . control system so as to determine a condition repre 

In addition , in a third embodiment , a monitoring is 5 sentative of the absence of a deformation ( so as to 
performed during said first step in order to verify whether at switch from the prevention mode to the primary mode ) . 
least one condition representative of the absence of a defor Furthermore , in a particular embodiment , said control 
mation of thermomechanical origin at the turbomachine is system comprises a first and a second control unit connected 
met , and said second step is implemented as soon as it is together , said first control unit being configured to receive 
detected that such a condition is met . Said monitoring 10 data , carry out processing operations and transmit a piece of 
advantageously consists of measuring the value of at least control information to said second control unit , and said 
one parameter , preferably a vibration over the body of the second control unit being configured to control the opening 
turbomachine , comparing this measured value with a pre - of said inlet valve based on the piece of control information 
determined value , and deducing therefrom , as the case may received from said first control unit . 
be , a detection of said condition representative of the 15 
absence of a deformation . BRIEF DESCRIPTION OF THE DRAWINGS 

In addition , in a first variant , the inlet valve is brought into 
and held in a partial open position during said first step , said The accompanying drawings will help to explain how the 
position having a predetermined valve angle of aperture , invention can be implemented . In these figures , identical 
whereas , in a second variant , said method additionally 20 references denote similar elements . 
comprises a step of determining a valve angle of aperture , FIG . 1 is the circuit diagram of a system for starting up a 
prior to said first step , the inlet valve being brought into and turbomachine , illustrating one embodiment of the invention . 
held during said first step in an open position having the FIG . 2 is a graph illustrating the rate of rotation with a 
valve angle of aperture thus determined . plateau during implementation of the invention . 

The present invention also relates to a system for starting 25 FIG . 3 shows a particular embodiment of detection means 
up an aircraft turbomachine . forming part of a start - up system . 

In accordance with the invention , said start - up system of 
the type comprising : DETAILED DESCRIPTION OF THE 

a ventilation source able to produce a flow of air and PREFERRED EMBODIMENTS 
provided with a compressor fed by an air intake circuit 30 
regulated by at least one inlet valve , said inlet valve The start - up system 1 illustrating the invention and shown 
being able to be controlled ; schematically in FIG . 1 is intended to rotate a rotor 2 of a 

at least one start - up turbine fed by said ventilation source turbomachine 3 of an aircraft for the purpose of starting up 
via a pneumatic connection , said start - up turbine being the turbomachine 3 . 
able to produce , when subjected to a flow of fluid , a 35 In a preferred embodiment , said turbomachine 3 is an 
mechanical force making it possible to turn a rotor of aircraft turbofan . Such a turbojet conventionally and gener 
the turbomachine for the purpose of the start - up ; and ally comprises : 

a control system capable of controlling at least said inlet a high - pressure coupling 4 provided with a high - pressure 
valve , compressor 4A and a high - pressure turbine 4B con 

is notable in that said control system is configured to 40 nected together by means of the shaft 2A of said rotor 
control a partial opening of said inlet valve during a first 2 ; and 
phase of the start - up , such that the ventilation source then a low - pressure coupling 5 provided with a low - pressure 
transmits a limited flow of air to said start - up turbine , this compressor 5A and a low - pressure turbine 5B . 
limited flow of air being such that said start - up turbine turns Said start - up system 1 is of the type comprising : 
said rotor at a speed of rotation that is lower than a critical 45 a ventilation source 6 , in particular an auxiliary power 
speed , and to control a complete opening of said inlet valve unit ( APU ) . This ventilation source 6 is able to produce 
during a second phase of the start - up , such that the venti a flow of air and comprises a conventional compressor 
lation source then transmits a maximum flow of air to said 7 ( not described further ) , which is fed by an air intake 
start - up turbine ( such that the start - up system functions in circuit 8 regulated by at least one controllable inlet 
the conventional manner ) . 50 valve 9 , for example of the IGV ( inlet guide vane ) type . 

Thus , thanks to the invention , the control system of said The ventilation source 6 is put into operation in the 
start - up system is configured , as detailed further below , to conventional manner by the pilot before the procedure 
control a partial opening of said inlet valve during a first of starting the engine ( turbomachine 3 ) ; and 
phase of the start - up ( corresponding to said first step of the a start - up device 10 comprising a start - up turbine 11 , 
method ) so as to avoid encountering critical frequencies of 55 which is fed by said ventilation source 6 via a pneu 
the rotor of the turbomachine while a phenomenon of the matic connection ( pipe ) 12 . This pneumatic connection 
" bowed rotor ” type remains significant . 12 comprises at least one controllable start - up valve 13 , 

Said start - up system may comprise at least some of the for example a start - up valve of the SAV ( starter air 
following elements , taken individually or in combination : valve ) type , which is arranged upstream of the start - up 

at least one first sensor for measuring a first parameter 60 turbine 11 ( in the direction of air flow , indicated by 
making it possible to provide a piece of information arrows on the connection 12 of FIG . 1 ) . The start - up 
concerning a deformation of thermomechanical origin turbine 11 is able to produce , when subjected to a flow 
prior to the rotation of the rotor , the measured value of of air ( originating from the ventilation source 6 ) , a 
said first parameter being provided to the control sys mechanical force ( illustrated by an arrow 14 in FIG . 1 ) 
tem so as to determine a plateau period ; and 65 making it possible to turn the rotor 2 of the turboma 

at least one second sensor for measuring a second param chine 3 , as illustrated by an arrow 15 , so as to start said 
eter making it possible to provide a piece of informa turbomachine . 
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This rotation of the rotor 2 ( the high - pressure rotor of the inlet valve 9 is controlled by the control system 16 so 
engine ) makes is possible , in the conventional manner , to as to be completely open , such that the ventilation 
compress the air that reaches the combustion chamber of the source 6 then transmits a maximum flow of air to said 
engine . The engine is then switched on by injection of fuel start - up turbine 11 . 
into the combustion chamber and by ignition of the air / fuel 5 Thus , at the start of rotation ( or start - up ) during said first 
mixture . step ( prevention step ) , and moreover as long as there is a risk 

Said start - up system 1 further comprises a control system of generation of disadvantageous vibrations caused by the 
16 capable of controlling in particular said inlet valve 9 . imbalance as the rotor speed passes through critical speeds , 

In the embodiment of FIG . 1 , this control system 16 only a limited flow of air is transmitted to the start - up turbine 
comprises two control units 17 and 18 connected together by 10 11 , such that the rate of rotation is limited . 
means of a connection 19 . The control unit 18 , in particular Thus , during the period TO of said first step , a limitation 
a control unit of the ECU ( engine control unit ) type , is of the rate ( or speed ) of rotation R at a plateau R1 lower 
intended in particular to control said start - up valve 13 via a close to a margin ) than the first critical frequency ( corre 
connection 20 . A control unit 18 of the ECU type is sponding to a speed Rc ) of the turbomachine 3 is created , as 
conventionally and generally a computer dedicated to the 15 illustrated schematically in FIG . 2 ( which shows the speed 
operation of the engine , said computer commanding actua - R as a function of time t ) . During this period To the 
tors in the engine , in order to control the engine , via signals temperature becomes relatively uniform at the rotor 2 and 
transmitted by sensors of the engine and of the aircraft , and the turning parts of the turbomachine 3 , and the deforma 
via commands from the pilot . This control unit 18 is in tions and also the imbalance of the turning parts decrease . 
particular configured to receive data , to perform processing 20 With regard to the second step ( primary mode ) , during 
operations and to transmit control information to the control which a maximum flow of air ( generated by the ventilation 
unit 17 . Said control unit 17 , in particular an electronic source 6 ) is transmitted to the start - up turbine 11 , such that 
regulator of the ECB ( electronic control board ) type , is the maximum speed R2 is reached , this step is implemented 
configured , for its part , to control the opening of the inlet when the temperature gradient has been sufficiently reduced 
valve 9 based on the control information received from said 25 and the imbalance of the turning parts has become suffi 
control unit 18 . This control information takes the form of an c iently low that the passing of the rotor speed through the 
indicator , as detailed further below . critical frequency / frequencies of the engine is no longer 

In accordance with the invention , said control system 16 disadvantageous . 
is configured : The inlet valve 9 thus makes it possible , as a result of 

to control a partial opening of the inlet valve 9 during a 30 suitable control , to create a plateau R1 allowing a limited 
first start - up phase , such that the ventilation source 6 flow of air at the inlet of the start - up turbine 11 . In addition , 
then transmits a limited flow of air to said start - up during the initiation of the prevention mode and during the 
turbine 11 via the pipe 12 and the start - up valve 13 , switching from the prevention mode to the primary mode via 
which is open . This limited flow of air is such that the the progressive opening of the inlet valve 9 ( from the closed 
start - up turbine 11 turns said rotor 2 at a speed of 35 position to the partial open position or from this latter 
rotation that is lower than a critical speed ; and position to the complete opening of said valve ) , a variation 

to control a complete opening of said inlet valve 9 during of the intake flow of air is obtained , enabling a progressive 
a second phase of the start - up , such that the ventilation increase of the speed of rotation . 
source 6 then transmits a maximum flow of air to said In a first variant , during said first prevention step , the inlet 
start - up turbine 11 ( in accordance with conventional 40 valve 9 is brought into and held in a partial open position 
operation ) . having a predetermined valve angle of aperture . 

The inlet valve 9 intended to regulate the air intake circuit In addition , in a second variant , a step of determining a 
8 can be formed in different ways and makes it possible to valve angle of aperture is provided prior to said first step , 
regulate the amount of air that circulates in the pipe 12 . The and , during said first step , the inlet valve 9 is brought into 
angle of aperture of the inlet valve is adjusted with precision 45 and held in an open position having the valve angle of 
by an actuator , said angle of aperture being adjustable within aperture thus determined . The control unit 17 adjusts the 
the entire available range . This angle of aperture is con - position of the inlet valve 9 in accordance with tabulated 
trolled by the control unit 17 . valves stored in a non - volatile memory of said control unit 

This start - up system 1 makes it possible to implement a 17 . 
specific method of rotating the rotor 2 and of starting up the 50 In a simplified embodiment , during the rotation of the 
turbomachine 3 . In accordance with the invention , this rotor 2 , the control system 16 switches the start - up system 
method comprises the following successive steps , during 1 into the prevention mode , then at the start of a period TO , 
which the start - up valve 13 is ( completely ) open , that is to which is predetermined , switches it into the primary mode . 
say : By way of illustration , in order to prevent a phenomenon of 

a first step ( representing a prevention mode ) , during 55 the " bowed rotor " type , a period TO of approximately 25 to 
which the inlet valve 9 is controlled by the control 50 seconds is compatible with the decrease of the corre 
system 16 so as to be partially open , such that the sponding internal thermal gradient in the bladings of the 
ventilation source 6 transmits a limited flow of air to rotor and in the internal cavities of the engine ) . 
said start - up turbine 11 . This limited flow of air is such In a developed embodiment , a step of determining a 
that the start - up turbine 11 turns the rotor 2 at a speed 60 period referred to as a plateau period is additionally pro 
of rotation that is lower than a first critical speed ( that vided prior to said first prevention step , and said first 
is to say is lower than the lowest critical speed encoun prevention step is implemented during a period equal to the 
tered first during the speed increase when there are a plateau period thus determined . 
number of successive critical speeds ) , moreover close To do this , the system 1 comprises a detection unit 22 , 
to a safety margin ; and 65 which is connected by means of a connection 23 to the 

a second step ( representing a primary mode ) following control unit 18 , as shown in FIG . 3 , and which is configured 
said first step ( or prevention mode ) , during which said to measure the value of at least one parameter making it 
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20 

possible to provide information concerning a deformation of ance has been reabsorbed and that it is no longer necessary 
thermomechanical origin of parts of the turbomachine 3 to maintain an intermediate plateau R1 . 
prior to the rotation of the rotor 2 . Said detection unit 22 , for As is apparent from the foregoing specification , the inven 
this purpose , comprises at least one sensor , preferably a tion is susceptible of being embodied with various altera 
plurality of sensors CA1 to CAN , N being an integer greater 5 tions and modifications which may differ particularly from 
than 1 . those that have been described in the preceding specification 

By way of illustration , said detection unit 22 may com and description . It should be understood that I wish to 
prise , as sensors CA1 to CAN , at least some of the following embody within the scope of the patent warranted hereon all 
sensors : such modifications as reasonably and properly come within 

a clock for determining the switch - off time of the turb - 10 the scope of my contribution to the art . 
omachine 3 . Beyond a certain period ( for example The invention claimed is : 
beyond 1 h 30 for the aforementioned phenomenon of 1 . A method for starting up an aircraft turbomachine with 
the “ bowed rotor ” type ) , the rotor 2 is assumed to be the aid of a start - up system comprising at least : 
cold and it is also assumed that there is no risk of one ventilation source able to produce and provide a flow 
deformation ; 15 of air with a compressor fed by an air intake circuit 

one or more sensors for sensing the temperature of the regulated by at least one inlet valve , said inlet valve 
turbomachine 3 and / or the temperature externally of the being able to be controlled ; and 
turbomachine 3 ; at least one start - up turbine fed by said ventilation source 

one or more pressure sensors ; and via a pneumatic connection , said start - up turbine being 
one or more anemometric probes . able to produce , when subjected to the flow of air , a 
The value ( s ) measured by the detection unit 22 is / are mechanical force making it possible to turn a rotor of 

transmitted to a calculation element 24 , which is for example the turbomachine for a purpose of the starting up , 
integrated in the control unit 18 . This calculation element 24 wherein said method comprises at least two successive 
determines the plateau period with the aid of the measured steps : 
value ( s ) , in particular based on the off time of the engine and 25 a first step , during which said inlet valve is open 
the external pressure and temperature conditions . This cal partially from a closed position to start rotation of the 
culation is made at the moment of activation of the start - up rotor , such that the ventilation source transmits a 
sequence of the engine by the aircraft crew ( whereas the limited flow of air to said start - up turbine , the limited 
engine therefore has not yet started to turn ) . During the flow of air being such that said start - up turbine turns 
plateau ( prevention step ) , the indicator sent by the control 30 said rotor at a speed of rotation that is lower than a 
unit 18 to the control unit 17 via the connection 19 is a critical speed ; and 
Boolean . This indicator set to 1 is indicative of the fact that a second step , during which said inlet valve is com 
the turning parts of the engine exhibit an imbalance that pletely open , such that the ventilation source trans 
would degrade the state of the engine if the critical frequen mits a maximum flow of air to said start - up turbine , 
cies of the engine were crossed under these conditions . 35 wherein the method further comprises a step of determin 

In addition , in a further embodiment , the end of the ing a plateau period prior to said first step , 
prevention mode is determined by the control system 16 wherein said step of determining the plateau period com 
based on data collected at the turbomachine 3 . These data are prises measuring a value of at least one of the following 
compared with a threshold , and the passing of this threshold parameters : 
( in one direction or another based on the data considered ) 40 an off - time of the turbomachine , 
causes the switching of the start - up system 1 by the control an external pressure , 
system 16 into the primary mode ( and therefore the end of an external temperature , and 
the prevention mode ) . This information is obtained when the calculating the plateau period with aid of said value , 
rotor 2 is driven in rotation , the two valves 9 and 13 being wherein the speed of the rotor of the turbomachine is 

45 maintained for a time duration defined by said plateau 
To do this , the system 1 comprises a detection unit 25 , period , and wherein , during said plateau period , the 

which is connected by means of a connection 26 to the speed of the rotor of the turbomachine is maintained 
control unit 18 , as shown in FIG . 3 , and which is configured below the critical speed to avoid vibrations caused by 
to measure the value of at least one parameter making it an imbalance as the speed of the rotor of the turboma 
possible to provide information concerning a deformation of 50 chine passes through the critical speed , and 
thermomechanical origin of said rotor 2 during the rotation wherein said first step is implemented for a period equal 
( prevention step ) . to said plateau period . 

This detection unit 25 comprises at least one sensor CB . 2 . The method as claimed in claim 1 , wherein said inlet 
In a preferred embodiment , this sensor CB is a sensor of valve is brought into and held in said partially open position 
mechanical vibrations indicative of a deformation , and is 55 during said first step , said position having a predetermined 
preferably an accelerometer installed on the body of the valve angle of aperture . 
primary engine . The electric signal of this sensor CB is 3 . The method as claimed in claim 1 , further comprising 
transmitted by means of a connection 26 to a computer 27 , a step of determining a valve angle of aperture , prior to said 
which for example is integrated in the control unit 18 . This first step , and wherein said inlet valve is brought into and 
computer 27 compares the measured value ( relative to the 60 held during said first step in said partially open position 
vibration of the high - pressure rotor 2 in the case of a having the valve angle of aperture . 
turbofan ) with a predetermined threshold value , and , as the 4 . A system for starting up an aircraft turbomachine , said 
case may be , deduces therefrom a detection of the afore - system comprising : 
mentioned condition of mode switching . Said second step is a ventilation source able to produce and provide a flow of 
implemented as soon as such a condition is detected , that is 65 air with a compressor fed by an air intake circuit 
to say as soon as the measured vibration becomes lower than regulated by at least one inlet valve , said inlet valve 
a predetermined threshold , which indicates that the imbal being able to be controlled ; 

open . 
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at least one start - up turbine fed by said ventilation source of thermomechanical origin prior to the rotation of the 
via a pneumatic connection , said start - up turbine being rotor of the turbomachine , the measured value of said 
able to produce , when subjected to the flow of air , a first parameter being provided to the control system so 
mechanical force making it possible to turn a rotor of as to determine a plateau period prior to the first phase , 
the turbomachine for a purpose of the starting up ; and 5 wherein the speed of the rotor of the turbomachine is 

a control system capable of controlling at least said inlet maintained for a time duration defined by said plateau 
valve , period , and the speed of the rotor of the turbomachine wherein said control system is configured to control a is maintained below the critical speed to avoid vibra partial opening of said inlet valve from a closed posi tions caused by an imbalance as the speed of the rotor tion to start rotation of the rotor during a first phase of 10 of the turbomachine passes through the critical speed . the starting up such that the ventilation source then 5 . The system as claimed in claim 4 , wherein said control transmits a limited flow of air to said start - up turbine , system comprises a first control unit and a second control the limited flow of air being such that said start - up 
turbine turns said rotor at a speed of rotation that is unit connected together , wherein said first control unit is 
lower than a critical speed , and to control a complete 15 is configured to receive data , carry out processing operations 
opening of said inlet valve during a second phase of the and transmit a piece of control information to said second 

control unit , and wherein said second control unit is con starting up , such that the ventilation source then trans 
mits a maximum flow of air to said start - up turbine , figured to control the opening of said inlet valve based on the 

piece of control information received from said first control the system further comprising at least one first sensor for 
measuring a first parameter making it possible to pro - 20 m . 
vide a piece of information concerning a deformation 


